INTRODUCTION
Any lingering doubts that climate change, if unchecked, will cause significant global harm were put to rest at the United Nations Climate Change Conference (Conference of the Parties (COP21)) in Paris in late 2015. For the first time, it appears that the international community has taken seriously the threat of climate change and the urgency to act. In what has been hailed as 'an extraordinary effort at international diplomacy', 1 195 nation states rallied around the call to ensure that the globe does not warm by more than 2 degrees C to avoid the catastrophic impacts that would likely occur with any greater increase in temperature.
Many believe that the agreement that grew out of COP21, referred to as the 'Paris Agreement', represents the last best hope for avoiding catastrophic impacts from climate change. In the agricultural arena, a failure to fulfill the commitments made in the Paris Agreement could result in dramatic increases in hunger and poverty throughout the world. Even if the promises of the Paris agreement are realized and countries throughout the world succeed in substantially reducing GHG emissions, climate change impacts will occur. Without substantial GHG emission reductions to slow the pace of change, these impacts could be severe and could dramatically threaten food security.
Although the impacts of climate change on agriculture will vary based on geologic location and other factors, there is widespread agreement that climate change will likely result in significantly decreased crop yields, increased food prices, and decreased food security for millions of people, particularly in the developing world. In its 2014 report, the IPCC concluded, that while projected impacts vary across crops and regions, 1 crop yields could decrease by more than 25 percent.
2 These changes will take place during the same timeframe that a larger and generally wealthier population will raise the demand for agricultural production by approximately 60 percent.
Never in history has there been an anthropogenic environmental problem as dramatic as the climate change crisis. 3 As an ever-increasing body of scientific research continues to demonstrate the link between anthropogenic carbon emissions and the continued increases in global atmospheric temperatures, the vast majority of the world's scientists concur that climate change is already occurring and will continue to occur far into the future. 4 Scientists project that, in the absence of substantial reductions in global GHG emissions, the expected increase in global temperature will produce significant climatic changes that will lead to a multitude of environmental harms, including continued warming, 5 sea level rise, 6 salt water intrusion, increased precipitation and flooding in some areas, 7 increased incidence of drought in many geographic locales, 8 increased frequency of heat waves, ' (2013) 17 (stating that 'It is extremely likely that more than half of the observed increase in global average surface temperature from 1951 to 2010 was caused by the anthropogenic increase in greenhouse gas concentrations and other anthropogenic forces together'), ('IPCC Report'), accessed 10 October 2016 at http://ipcc.ch/pdf/assessment-report/ ar5/wg1/WG1AR5_SPM_FINAL.pdf; Endangerment and Cause or Contribute Findings for Greenhouse Gases Under Section 202(a) of the Clean Air Act; Final Rule, 74 Fed. Reg. 66496-66546 (15 December 2009) . 5 IPCC Report, above note 4 at 7 states that it is 'virtually certain' (>99% probability of occurrence) that future warming will occur. For an explanation of the probability terminology used in the IPCC report, see IPCC 'Climate Change 2014: Synthesis Report Summary for Policy Makers' (2014) at 2. 6 IPCC Report, above note 4 at 7, It is 'very likely' (99-100% probability of occurrence) that there will be increased incidents of high sea level.
7
It is 'likely over many areas' (66-100% probability of occurrence) that there will be increased heavy precipitation in some areas of the globe. Id.
8
It is 'likely' (66-100% probability of occurrence) that there will be an increased number of droughts. Id.
9
It is 'very likely' (99-100% probability of occurrence) that there will be an increased number of heat waves. Id. and more intense severe weather events.
10 These impacts will have significant consequences for agriculture and food security. Achieving the goal of global food security in the face of these anticipated dramatic impacts will require innovative and transformative approaches that go well beyond the COP21 commitments to reduce GHG emissions, to create a more climate-resilient agricultural system. This volume, which focuses on agriculture and climate change, is part of a broader series on climate change. The theme of this volume centers on the goal of achieving a low-carbon climate resilient agricultural system that provides for future food security throughout the developed and developing regions of the globe. We invited top legal, science and social science scholars from around the world to contribute chapters to explore issues related to the types of domestic and international agricultural and environmental laws and policies that address climate change mitigation and adaptation and the challenges of attempting to reconcile these laws and policies with agricultural development, economic growth, food security objectives and sustainable livelihoods. This volume is intentionally interdisciplinary and international in scope and includes contributions representing a range of geographic perspectives, representing both the northern and southern hemispheres.
The contributions to this volume seek to address following issues:
(1) To what extent do domestic agricultural laws and policies in the northern and southern hemispheres address climate mitigation and adaptation? (2) Are the policies and legal tools in existing national agricultural law frameworks sufficient for human and agro-ecosystem adaptation? (3) What are the legally relevant challenges to marrying climate mitigation and adaptation with agricultural development, economic growth, food security objectives and sustainable livelihoods? (4) How do individual country's agricultural law and policy provisions for mitigation and adaptation 'measure up' against the expectations of international and/or regional climate law and policy? (5) What are the weaknesses, strengths, gaps and innovations in existing agricultural laws and policies? (6) What new and innovative tools can be employed to address climate change mitigation and adaptation in the agricultural sector? (7) What are the remaining research needs?
10
It is 'more likely than not' (50-100% probability of occurrence) that there will be more intense tropical cyclone events. Id. 
THE CLIMATE CHANGE-FOOD SECURITY LINK
There is no longer any doubt that human actions have set into motion a transformation of the Earth's climate in a way that humans have never done before. Although the imperative to mitigate the ongoing emissions of greenhouse gases that are at the root of this change continues, there is no longer any doubt that human societies throughout the world will be affected and will have to find ways to adapt to the changes. The anticipated changes are numerous and include temperature increase, carbon dioxide increase, increased frequency and extent of extreme weather conditions, increased drought in many areas and increased severe storm events and flooding in others, increased movement of pest and disease populations, increased pest and disease outbreaks, saltwater intrusion along the coasts and loss of land due to sea level rise loss. The aggregate effects of these changes are predicted to have severe impacts on food security due to significant decreases of agricultural production in many areas, significant food price increases, decreased nutritional value of some foods and an increased risk of health problems due to adulterated and unsafe foods. All of these changes will be occurring against a backdrop of a growing global population and increased food consumption and demands for different food in regions with significant economic growth. Although all aspects of society will be impacted to some extent, perhaps the greatest challenge of these changes will be feeding the growing global population. The United Nations Food and Agriculture Organization (FAO) defines 'food security' as existing when 'all people at all times have physical or economic access to sufficient safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life '. 11 According to the FAO the four dimensions of food security are: food availability, food accessibility, food utilization and food systems stability. The adverse impacts of climate change, such as increased crop loss from pests, disease or drought, that decrease food production will reduce food availability. Increased food prices and reduced farm incomes will reduce food accessibility. Climate impacts that affect the safety and nutritional value of food will reduce food utilization. Finally climate changes that disrupt food systems due to extreme climate events will reduce food system stability.
Currently the global population exceeds 7 billion people 12 and that number is expected to increase by one-third by 2050. 13 The majority of population growth will occur in developing countries. Population growth coupled with growing income and consumption will result in a need for global food production to increase by 60 percent by 2050. To avoid a food security catastrophe we must find ways to transform our agricultural systems by both finding ways to reduce the substantial contributions of GHG emissions from agriculture to help to mitigate climate change impacts and by finding ways to adapt agricultural systems to the inevitable changes that are, and will continue, to occur regardless of the success of mitigation efforts. Achieving these mitigation and adaptation goals will require, among other things, preserving natural resources and vital ecosystem services, while at the same time transitioning to more productive agricultural production systems that have greater climate resiliency that will enable them to adapt to greater perturbations and long-term climate variability. Creating a more resilient agricultural system will require a major transformation in the way land, water, soil nutrients and genetic resources are managed, which in turn will require changes in national, local and international laws and policies as well as changes in financial mechanisms.
Climate change and agriculture are closely linked, as each can have dramatic impacts on the other.
14 Industrialized agriculture relies heavily on fossil fuel-intensive farming, processing and distribution systems, which emit greenhouse gases. 15 Throughout the developed world a significant portion of all fossil fuel use is for agricultural activities such as pesticide and fertilizer production and application, mechanized plowing and harvesting, mechanized processing and distribution of farm products via fossil fuel powered transportation systems. 16 The predicted impacts to agriculture due to increase in temperature, altered rainfall patterns and increased extreme weather events are expected to result in substantial reductions in global agricultural production and significant increases in food prices. Reduced food production and higher food prices will further compromise food security concerns in regions of the world which are already food insecure and may cause increased food security problems in other regions.
Agriculture's Contribution to Climate Change
Agricultural systems are significant contributors to climate change both in terms of GHG emissions and because of conversion of forestland, which can serve as a carbon sink, into cropland. Most of the developed world relies on fossil fuel-heavy industrialized agricultural practices to produce high yields. Chemical pesticides and fertilizers used in industrialized farming are derived from fossils fuels 17 and heavy equipment used for growing, harvesting, transportation and processing use significant amounts of gasoline and diesel fuel. 18 The food sector accounts for approximately 30 percent of the world's total energy consumption and over 20 percent of greenhouse gas emissions.
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A particular industrial agricultural practice, concentrated animal feeding operations, is responsible for the release of significant amounts of methane gas, a natural animal waste and one of the most powerful GHGs. 20 In these operations substantial amounts of methane gas are emitted by hundreds or thousands of animals confined to a small areas and fed large quantities of corn and other grains. 21 Methane gas is over 20 times more powerful than carbon dioxide in exerting a greenhouse effect. 22 It is estimated that GHG emissions from livestock account for almost two-thirds of all GHG emissions. Of those two-thirds, 78 percent is in the form of methane. According to FAO estimates, with the right policies and technologies, it is possible to reduce GHG emissions from livestock by about 30 percent.
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On another front, in our search for alternative renewable fuels, we may have unwittingly accelerated agriculture's contribution to climate change by substantially increasing corn ethanol production. of biodiversity and deforestation in Brazil. Similarly Akachi Odoemene, in Chapter 15, describes how the push for biofuel production is a major contributor to the 'land grabbing' phenomenon that is occurring in Africa and other parts of the world.
The increased conversion of forestland to agriculture, particularly in the context of land grabbing in parts of the developing world, is another major contributor to climate change. As forested land is burned or otherwise cleared to make way for crops and pasture, carbon preciously contained in forest biomass and organic soils is released into the atmosphere. Although crop plants may absorb carbon, the carbon is typically held in the crop biomass for short periods of time. The land grabbing phenomenon described in Chapter 15 has become a significant driver of land conversion. As Odoemene explains, the 2007-2008 global food crisis brought on by a combination of extreme weather conditions and the global financial crisis, led to a dramatic rise in food prices sparking fears of food insecurity. These fears led countries with net food import balances to look for ways to achieve food security and independence, often by investing in large areas of land in developing countries. For example as China experienced rapid economic growth and its more affluent population demanded more and different foods, it became a net food importer. To guarantee food security and independence the Chinese government, along with private investors, began to purchase enormous areas of arable land in other countries, contributing to deforestation and thus increasing atmospheric carbon.
Climate Change Impacts on Agriculture
Not only is agriculture a significant contributor to global climate change, but it is also a segment of the economy that will experience some of the most serious impacts of climate change. The IPCC predicts that the most significant impacts of climate change will be to agriculture, particularly in the developing world. 31 The adverse effects of climate change on agriculture will vary greatly depending on geographic location and regional variation in agricultural systems. 32 The most dire concern over the effect of climate change on agriculture is regarding how it will alter crop yield, which is directly linked to food prices and food security. The anticipated impact on crop yield will result from a number of likely changes including changes in precipitation, in temperature, in sea level rise, in carbon dioxide levels and in crop disease and pest outbreaks.
One of the most significant risks to agriculture will involve water resources. Altered rainfall patterns are expected to cause droughts in some regions and flooding in others.
33 These alterations will likely worsen water shortages in many already water-stressed areas.
34 Increased temperatures will further exacerbate water scarcity, which in turn will result in decreased crop yields. 35 The most dramatic changes in precipitation and temperature are likely to occur in the poorest and most vulnerable regions in the developing world, 36 which are expected to experience disproportionate risks to food security. In Chapter 5 of this volume Robert Adler explores the increasing need for water to grow food for an expanding population with rising affluence and changing food preferences. He explores the impacts of climate change on the relationship between water and agriculture and the degree to which domestic and international water law will need to change to adapt to those impacts.
As the effects of climate change become more prevalent and widespread, the potential to greatly impact global food security will be more apparent.
37
Temperature increases, altered precipitation patterns and greater weather extremes will adversely affect global and regional food production, which will result in reduced food availability and food accessibility. The world's poorest and most vulnerable regions are likely to experience the most dramatic and harmful changes in precipitation and temperature, 38 resulting in disproportionate food security impacts. Exacerbated food insecurity in the poorest regions of the world will present increased challenges as to the ongoing struggle to meet a growing global population's demand for food.
33
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The United Nations Food and Agriculture Organization defines 'food security' as existing when 'all people at all times have physical or economic access to sufficient safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life'. The FAO definition encompasses four dimensions: food availability, food accessibility, food utilization, and food systems stability. FAO CC & Food Security, 3.
ACHIEVING FOOD SECURITY AND A CLIMATE RESILIENT AGRICULTURE THROUGH MITIGATION AND ADAPTATION
As the globe warms while simultaneously global populations grow larger and more affluent, agriculture faces three major and interconnected challenges: (1) food security; (2) adaptation to climate change; and (3) climate change mitigation. 39 To adequately address these challenges, radical changes to our food production systems will be necessary. To meet growing food needs in a sustainable manner, we will need to find ways to produce more food with more efficient use of natural resources. Food systems must become more resilient to both the gradual changes and extreme events caused by climate change.
Strategies for addressing climate change can generally be divided into two broad categories: mitigation strategies and adaptation strategies. Mitigation strategies are designed to avoid the unmanageable impacts of climate change by reducing GHG emissions. Agricultural mitigation strategies reduce GHG emissions and sequester carbon through less fossil fuel-dependent more sustainable agricultural practices.
40
Adaptation strategies are designed to manage the unavoidable effects of climate change. In the context of agriculture and food security, these strategies seek to build agricultural systems that can adapt to maintain adequate food production under changing climatic conditions.
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Ideally sufficient mitigation strategies would be employed to avoid most impacts of climate change. To date most of the strategies that have been employed in the US and other developed countries have fallen under the category of mitigation. 42 Given the modest success of these strategies, research predicts that even if the atmospheric concentrations of GHGs could be stabilized at current levels, impacts on agricultural production will continue well into the future. 43 Thus it is critical that policy solutions include both mitigation and adaptation strategies to ensure that agricultural production, and consequently food security, is not threatened by climate change. 
Mitigation Strategies
The US Global Change Research Program defines mitigation as 'options for limiting climate change by, for example, reducing heat-trapping emissions such as carbon dioxide, methane, nitrous oxide, and halocarbons, or removing some of the heat trapping gases from the atmosphere'. 45 Mitigation strategies seek to avoid the unmanageable consequences of climate change by reducing GHG emissions or finding ways to capture or sequester carbon to reduce atmospheric concentrations of GHGs.
46
Effective mitigation measures to keep global temperature increases below 2 degrees C are critical to avoiding the most catastrophic impacts of climate change, including substantial reduction in global food security.
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As described above agriculture is a significant contributor to climate change and thus is a logical target for mitigation strategies. Nevertheless as Jonathan Verschuuren describes in Chapter 2, agriculture has played a minor role in the UNFCCC. Neither the Paris Agreement nor the Kyoto Protocol treat agriculture's contribution to climate change in more than a cursory manner. For example under Kyoto only 2.5 percent of registered projects included in the Clean Development Mechanism were related to agriculture. Verschuuren also describes the modest role that agriculture played in the Paris Agreement, but concludes that despite the limited attention paid to agriculture, ultimately the Paris Agreement will require dramatic reductions in GHG emissions for the agricultural sector to meet its objectives.
In the US, efforts to regulate greenhouse gas emissions generally have been through the implementation of Clean Air Act regulatory programs or other programs targeted at the energy and transportation sectors and have not focused on agricultural activities.
48 To achieve significant reductions in GHGs from agriculture, strategies will need to be implemented that are tailored to address the types of activities that take place in the agricultural world. Such strategies will not fit neatly into programs designed to reduce emissions from the energy, transportation and industrial sectors. Agriculture-targeted mitigation strategies include improved energy efficiency on the farm, reduced use of fossil fuel-derived synthetic fertilizers and pesticides, reduced use of fossil fuels to run heavy farm equipment, transportation and processing equipment, and the creation of local or regional food systems that decrease the distances that agricultural products are transported to their end users.
The FAO has argued in favor of global adoption of agricultural mitigation 'best practices'. These best practices would contribute to the FAO's articulated mitigation goals: reducing CO 2 emissions, reducing methane and nitrous oxide emissions and sequestering carbon. 49 Agricultural mitigation best practices geared toward reducing CO 2 emissions include reducing land conversion and deforestation rates, increasing energy efficiency in the commercial agriculture and agro-industrial sectors and improving control of wildfire and burning associated with agricultural fields. 50 Best practices aimed at reducing methane and nitrous oxide emissions include improving livestock nutrition, increasing management efficiency of wastes from livestock, increasing efficiency of nitrogen fertilizer applications in cultivation and reusing treated wastewater for irrigation. 
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To achieve the goal of sequestering carbon, FAO suggests best practices such as improved pasture and grazing management in grasslands, improved management of organic matter in soils, minimized mechanical soil disturbance, increased use of marginal lands for planted forests or cellulosic biomass, planting trees for carbon sequestration purposes and the 'introduction of integrated agroforestry systems that combine crops, grazing lands and trees in ecologically sustainable ways '. 52 According to the FAO, these practices could have the collateral benefit of strengthening global food security by increasing market stability, providing agricultural employment opportunities, and boosting the sustainability of vulnerable agricultural systems.
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Animal production holds promise for significant mitigation, as Michelle Nowlin and Emily Spiegel explain in Chapter 9, because intensive animal agriculture is a significant emitter of the most potent GHGs. This chapter presents several mitigation measures and regulatory tools that are emerging to reduce GHG contributions from large-scale animal protection.
Another mitigation strategy that has received widespread attention in recent years is a reduction of food waste and loss. Currently approximately one-third of food produced is lost or wasted. From an economic standpoint, this represents a loss of approximately 2.6 trillion dollars.
54
Moreover at a global scale food loss and waste contributes approximately 8 percent of all annual GHG emissions, accounting for approximately 3.3 gigatons of CO 2 equivalents. 55 In the United States in particular, 31 percent (133 billion pounds of the 430 billion pounds) of the available food supply in the United States in 2010 went uneaten.
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Reducing food waste can serve as an important mitigation strategy because it will result in a reduction in GHG emissions from producing, processing, transporting and disposing of the wasted food.
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Ibid. 
Adaptation Strategies
According to the US Global Change Research Program, adaptation 'refers to changes made to better respond to present or future climatic and other environmental conditions, thereby reducing harm or taking advantage of opportunity'. 57 Adaptation will be crucial even if significant mitigation strategies are implemented. Based on the assumption that at least some climate change impacts will occur even if atmospheric GHG concentrations are stabilized through mitigation, adaptation strategies focus on strengthening natural and human systems' capacity to withstand changing conditions.
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Adaptation strategies include both technological and institutional policy changes. Examples of technological adaptations include improved crop varieties that are resistant to disease, drought or other climate change-induced conditions; 59 more efficient water conservation measures; 60 improved irrigation systems; 61 and development of better weather forecasting systems.
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Institutional and policy changes discussed typically involve increased governmental support, including in the form of subsidies and incentives for adaptive farming practices.
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The FAO has set forth three overarching goals of adaptation for agriculture:
(1) protecting food production systems against increasing variability and extremes in weather patterns; (2) minimizing disruptive impacts to food supplies from temperature increases and altered precipitation patterns; and 57 USGCRP, Impact Report, above note 45. Agricultural adaptation practices that would address the first goal include research, development and dissemination of new adaptive crop varieties either through traditional breeding or genetic modification. 65 Practices to meet the second goal include more efficient water management, improved livestock management and increased energy efficiency within the agroindustrial sector. 66 As to the third goal ecosystem provisioning services could be enhanced through practices such as planting forests or other cellulosic biomass on degraded or marginalized land as carbon sinks, implementing watershed protection measures and planting on-farm refugia to promote biodiversity. 67 Planning, including land use planning, will play an important role in adaption. In Chapter 8 Keith Hirokawa addresses the role of land use planning in adaptation. He describes how impacts of climate change are first experienced at a local level and emphasizes the significant role that local governments have played and continue to play in preparing for climate change. Hirokawa examines several local land use regulatory schemes that address predicted vulnerabilities related to food production and food security.
On a related topic, in Chapter 14 Amanda Kennedy and Amy Cosby address issues related to agricultural land use conflict in the context of climate change. Using a case study from Australia the authors explore the conflicts between agriculture and fossil fuel exploration created by increasing global energy demand. This chapter describes regulatory reforms that have been employed, albeit with modest success, to address these conflicts. The authors assert that existing regulatory instruments that disempower rural stakeholders by giving priority to the economic benefits of extractive industries exacerbate, rather than resolve, these conflicts. The authors conclude by presenting an alternative approach, which views land use conflict through the lens of environmental justice to ensure agricultural interests and the opportunity for meaningful participation in land use decisionmaking. To ensure food security in the face of climate change, it is critical that adaptation planning efforts focus on reforming agricultural systems on a local level. The United Nations Secretary General Special Report 64 FAO Food Security, above note 40 at 31.
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Mary Jane Angelo -9781784710644 Downloaded from Elgar Online at 12/24/2018 10:29:16PM via free access concludes that our agricultural system must be reshaped to be regenerative and smallholder centered. 68 In Chapter 13 Robert Kibugi addresses the need for and challenges of reforming smallholder farms in poor rural areas in Africa.
CLIMATE RESILIENT AGRICULTURE AS BOTH A MITIGATION AND ADAPTATION STRATEGY
In Chapter 3 Lance Gunderson explores the ways in which agriculture can adapt to climate change using a 'systems' framework, which takes into account the relationships among many elements or components to explain patterns and properties of complex phenomena. Gunderson describes agro-ecosystems as complex adaptive and dynamic systems and explores the need for managing such systems for resilience and transformation. This chapter also discusses the factors that contribute to declining resilience including a decrease in functional diversity and erosion of various forms of capital and limitations on systems capacity for renewal and regeneration in the context of climate change. Building on the 'systems' concept, in Chapter 4 Paul Martin posits that the human challenge of climate change will force adaptation within the law, which will extend beyond the usual regulatory fixes. In this chapter Martin proposes a novel approach to address the complexity of climate change employing 'systems thinking' as a way to address climate governance.
Gunderson and Martin's focus on systems approaches highlight the complex interactions at play in agricultural production and food value chain systems and the need to capitalize on those interactions to build resiliency into those systems. Agricultural systems, as types of ecosystems, can benefit from increased ecological resilience. The concept of ecological resilience captures the strength of redundancies in ecosystems from reinforcing processes and substituting functions provided by the presence of a diversity of species. The redundancies inherent in a diverse ecosystem enable the system to absorb perturbations and persist despite the disruption. 69 In the agricultural context a resilient agro-ecosystem has the ability to continue to function and produce despite disruptions such as increased pest populations, disease or changed rainfall patterns. Agricultural ecosystems with high levels of resilience are more likely to be able to withstand a greater range of climate change-induced perturbations than are those lacking resilience.
For an agricultural ecosystem to be resilient several factors must be present. One of the most significant factors is an increase in species richness. Individual species each perform specific limited ecosystem functions. Greater species richness translates into greater functional diversity in the ecosystem. 70 The presence of multiple species that can compensate for the loss of functions provided by other species imbues the systems with the ability to dampen the effects of perturbations, such as those resulting from climate change. 71 Consequently the creation of a resilient agriculture depends on sufficient redundancy built into the systems so that unexpected disturbances, whether anthropogenic or natural, can be absorbed without causing the system to collapse. Introducing a diverse array of species into the agricultural system is the best way to accomplish this goal.
One of the greatest challenges to promoting and enhancing biodiversity in agricultural systems is invasive species. Invasive species can reduce biodiversity by outcompeting numerous native species, thereby dramatically reducing the number and abundance of diverse species. In addition, invasive species that become crop pests may create the need for substantial chemical pesticide use, which can reduce biodiversity by killing the natural diversity of pest predators and parasites that exist in and near croplands. In Chapter 6 Elodie Le Gal provides an in-depth description of the complexity and uncertainty regarding the interactions between climate change and invasive species. This chapter explores the limited efficacy of invasive species law in climate adaptation to protect agriculture from increased numbers of invasive species.
In Chapter 10 Christian Häberli tackles the issue of resiliency from a different standpoint. Rather than look at the resiliency of agricultural production systems, Häberli addresses the resiliency of the food value chain under the present international regulatory framework and concludes that climate change mitigation and adaptation efforts must take into account the circumstances of weak states, small farmers and poor consumers with regard to trade liberalization and foreign investment. Häberli proposes a number of changes that are needed to build resiliency into the food value chain, including multilateral climate-smart best farming and processing practices which must be protected against legal challenges in the WTO. This chapter also highlights the fact that while poor consumers are particularly vulnerable to food prices increases, poor food producers rarely benefit from them. Climate action can yield the highest returns for agriculture as the primary source of economic activity for poor populations.
Current industrialized agricultural practices tend to reduce diversity and therefore are not resilient. In large-scale industrialized agriculture monoculture planting can cover hundreds, if not thousands, of acres. More resilient farming systems introduce and promote diversity both in number of crop types and types of crop varieties. Diverse crops and varieties are planted together in intercropping or rotated and natural refugia are provided on the farm to provide the biological diversity necessary to reduce vulnerability to change. Planting a variety of crop types can provide a safety net in case one crop is compromised by an outbreak of pests or disease. Moreover resilient agro-ecosystems maintain and protect natural populations of beneficial species such as predators and parasites of pest species, pollinators, soil microbes and a diverse array of other organisms. This is accomplished by reducing pesticide inputs that kill beneficial parasites and predators and by providing on-farm conditions that allow a diverse array of species to thrive.
The importance of building resilience into agricultural systems is highlighted by the FAO's 'climate smart' sourcebook. 73 According to the FAO, climate smart agriculture integrates 'the three dimensions of sustainable development (economic, social and environmental) by jointly addressing food security and climate challenges '. 74 It is composed of three inter-related main pillars:
(1) Sustainably increasing agricultural productivity and incomes. be necessary to integrate mitigation and adaption strategies to develop resilient agricultural systems.
CONCLUSION
This volume presents a diverse set of ideas related to climate change and agriculture representing a wide variety of perspectives in terms of field of study and geographic perspective.
Although a wide range of ideas and perspectives are presented, several common themes emerge. Climate change and agriculture are part of a complex web of science, law and policy, which extends from the global scale to the smallholder. Agriculture is a significant contributor to climate change and thus should be considered part of the solution, as well as part of the problem. Consequently changes to agricultural systems that reduce GHG emissions, sequester carbon or put land to use in ways that reduce overall atmospheric carbon can be important tools for climate change mitigation. Conversely agriculture in general, and food security in particular, will suffer serious adverse impacts from climate change even with mitigation measures in place. Accordingly agricultural adaptation strategies targeted at agricultural production will be critical to ensuring food security in the future. Because of the pervasive complexity and uncertainty regarding climate change impacts on agriculture, it will be important to ensure that any adaption efforts employ systems approaches aimed at building resiliency in agricultural production as well as in the entire agricultural value chain. In many cases resilient agricultural systems are comprised of both mitigation and adaptive elements. Thus building more resilient systems will have benefits in reducing the adverse effects of climate change as well as adapting to the inevitable effects that will occur. Although climate change will result in adverse impacts throughout the globe, disproportionate impacts will be felt by the poorest and most vulnerable populations. Regions of the developing world face the greatest threats to food security. Mitigation and adaptation strategies, including regulatory and financial policies must include measures to ensure greater food security for poor and vulnerable populations. This volume provides a number of proposals for climate change mitigation and adaptation aimed at providing food security for a growing population in an era of dramatic changes to the global environment.
